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the ester bond between the peptidyl and tRNA moietiesPolypeptide Release Factors
of the peptidyl tRNA (the chemical step of terminationin Prokaryotes and Eukaryotes: reaction) [4–6]. Given its universality, it seems a good
reference point from which to compare the two RF struc-Same Function, Different Structure
tures. In eRF1, the GGQ tripeptide is far from the bulk
of the protein, whereas it is part of the compact core in
Although the eukaryotic (eRF1) and prokaryotic (RF2) RF2. Nevertheless, it is possible to position both GGQ
polypeptide release (translation termination) factors motifs within the peptidyl transferase center (PTC) of
are functionally similar, they turn out to be very differ- the ribosome, in keeping with its essential role in termi-
ent in overall shape and architecture and in the loca- nation.
tion of key functional elements. It has been commonly held that since tRNAs and most
translation factors occupy the ribosomal A site at vari-
ous steps during protein synthesis, all of them would
Termination of protein synthesis involves an intimate have to be similar in shape and overall dimension. While
relationship between the ribosome, the mRNA, and the some similarity does exist between tRNA and the RFs
class 1 polypeptide chain release factor (RF) in response on a gross level (see Figure), it would certainly be an
to a stop codon rather than a sense codon in the A site overstatement to claim that the RF structures were
of the ribosome [1]. The termination of translation in “tRNA-like.” The fact that different molecules that oc-
bacteria requires two RFs: RF1 responds to the UAG cupy the A site have different shapes could be explained
and UAA stop codons, whereas RF2 is specific for UGA if either the translation factor or the A site were to un-
and UAA. In eukaryotes with a universal genetic code, dergo a conformational change upon association. Thus,
a single eRF1 responds to all three stop codons. The a specific mutually induced fit may in principle explain
close functional similarity between prokaryotic and eu- the apparent controversy, bearing in mind that the crys-
karyotic RFs suggests that the structures of these fac- tal structures of the factors are static while the functional
tors would also be similar. However, at least at the amino ribosome is a dynamic machine.
acid sequence level, eRF1 is quite distinct from the RF1/ The specificity of stop codon recognition is conferred
RF2 family [2]. Nonetheless, proteins with different by class 1 RFs in prokaryotes [7] and in eukaryotes with
amino acid sequences can have similar structures, so universal [8] and variant [9] genetic codes, but not by
it was crucially important to solve the structures of mem- the ribosome. Consequently, the stop codon in the ribo-
bers of these two protein families. somal A site could be recognized either directly or indi-
Now, in the December issue of Molecular Cell, Vester- rectly by the release factor.
gaard et al. have determined the structure of the E. According to the “direct recognition” hypothesis, the
coli RF2 [3], which can be directly compared to the discriminator SerProPhe (SPF) tripeptide of RF2 binds to
previously solved human eRF1 structure [4]. What is the UAA/UGA within the A site [7]. However, the distance
most striking is how different these two proteins are in between SPF and GGQ is so small in RF2 (23 A˚; see
molecular architecture: eRF1 and RF2 are composed of Figure) that it is not possible to simultaneously position
three and four domains, respectively (see Figure). The the GGQ in the peptidyl transferase center of the 50 S
eRF1 structure suggests considerable interdomain flexi- subunit and the SPF in the A site of the 30 S subunit
bility. In contrast, because domains 2, 3, and 4 form a [3]. Given this constraint, Vestergaard et al. suggest that
very compact “core” held together by multiple polar and SPF contacts helix 44 of 16 S rRNA rather than the stop
nonpolar interactions, there is likely to be little, if any, codon. This idea is consistent with numerous genetic
flexibility between the domains of RF2. experiments that show the importance of this region of
Despite profound differences in the two structures, 16 S rRNA in translation termination. Thus, while there
there is one motif, GlyGlyGln (GGQ; see Figure) common is little doubt that SPF and PAT motifs are responsible
to all prokaryotic, archaeal, and eukaryotic class 1 RFs for the specificity of stop codon recognition in bacteria,
[5]. Biochemical and genetic experiments have shown it now seems unlikely that it is achieved by a direct
interaction between the discriminator tripeptide and thethat this tripeptide plays a critical role in cleavage of
Figure 1. Three-Dimensional Structures of
Translation Termination Factors eRF1 (Left,
Protein Data Bank Code 1DT9), RF2 (Middle,
Protein Data Bank Code 1GQE), and Yeast
tRNAPhe (Right, Protein Data Bank Code 1EVV)
Functionally important regions are indicated
by the one-letter amino acid code (GGQ and
NIKS); the 3 end of tRNA (CCA) is also shown.
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stop codon as was previously proposed by Ito et al. [7]
before the structure of RF2 had been solved. In fact, it
is worth noting that a physical interaction between the
discriminator tripeptide of RF and the stop codon has
never been demonstrated experimentally.
In eukaryotes, the situation looks very different. The
N domain of eRF1 has been implicated in stop codon
recognition [1, 4, 8] and in fact, the NIKS subdomain of
the N domain of human eRF1 (see Figure) appears to
be functionally important in stop codon recognition, and
specifically crossreacts with all three stop codons (L.
Chavatte, L. Frolova, L.K., and A. Favre, unpublished
data). This subdomain is far enough away from the GGQ
motif (see Figure) to be able to bind to the A site at the
same time that the GGQ motif binds to the peptidyl
transferase center. Thus, the “direct recognition” hy-
pothesis remains potentially valid for eukaryotes while
for prokaryotes, genetic and biochemical results seem
to be at odds with the structural model. Clearly, more
work is needed to better understand these apparent
discrepancies.
The structure of a complex between the ribosome and
the RF (eRF1 and RF1/RF2) at sufficiently high resolution
and appropriate mapping of the functionally important
sites should address a number of key questions. First,
is the structure of any individual release factor (eRF1,
RF1, or RF2) the same as when it is bound to the ribo-
some? Second, does the stop codon interact directly
with the RF and if so, with which part of it? Finally, is it
true that the GGQ tripeptide is near the hydrolyzable
ester bond of peptidyl tRNA at the peptidyl transferase
center? Given the remarkable success in solving the
structure of the prokaryotic ribosome bound to tRNA,
these complexes, and at least some of the answers to
these questions, should be close at hand.
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